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Abstract: 4im This study was conducted to evaluate the influence of decorin on apoptosis and oxidative stress response upon
exposure of human lens epithelial (HLE) cells to high levels of glucose. Methods The HLE cell line (HLEB3) was cultured under
various conditions, including normal (5.5 mM) or high glucose (60 mM) medium. Next, 50 nM Decorin was added two hours prior
to the addition of high glucose medium. Apoptosis detection was carried out by Western blotting and flow cytometry. Oxidative
stress levels were determined by quantifying reactive oxygen species (ROS), superoxide dismutase (SOD), and glutathione
peroxidase (GSH) levels. P38 mitogen-activated protein kinase (MAPK) phosphorylation and racl in HLE cells and human lens
anterior capsules were evaluated using Western blotting. Knockdown of racl and p38 MAPK in HLEB3 cells was achieved using
transfection of small-interfering RNAs. Results HLE cells exposed to high levels of glucose underwent oxidative stress and
apoptosis, leading to higher proportion of apoptotic cells, ROS generation and a reduction in the bel/bax ratio, GSH/GSSG ratio, and
SOD activity. Additionally, HLEB3 cells exposed to high levels of glucose were found to have increased racl and phospho-p38
MAPK. Next, we found that siRNA-mediated knockdown of racl or p38 led to a reduction in high-glucose-stimulated cellular
apoptosis and oxidative stress. Furthermore, knockdown of racl led to a downregulation of p38 MAPK. Interestingly, addition of
decorin to HLEB3 cells led to a decrease in apoptosis, oxidative stress, and high-glucose-stimulated induction of racl and
phospho-p38. Finally, racl and p38 levels of capsules were detected to be significantly upregulated in patients with diabetes in
comparison to age-matched patients with cataracts. Conclusion The findings indicate that the racl-p38 pathway plays a role in
causing high-glucose-induced injury to the lens epithelial cells. Additionally, these data indicate that decorin can suppress high
glucose-stimulated cellular apoptosis and oxidative stress, in part through suppression of the racl-p38 pathway.
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The leucine-rich proteoglycan decorin is known to bind to
the extracellular matrix (ECM) or cell surface receptors, and

Diabetic cataract, which is frequently seen in clinic, is a ~ N¢gative controls geveral §ell}11'ar functions  [4, 5]
significant diabetes-associated complication [1]. High- Overexpressed decorin can inhibit tumor cell-regulated

glucose-induced oxidative stress is vital to diabetic cataract ~angiogenesis by suppressing endogenous vascular endothelial
development. High levels of glucose cause apoptosis, growth factors (VEGFs) production [6]. Administering
oxidative stress and aggregation of proteins. In turn, oxidation decorin into the corneal stroma inhibits neovascularization of
and aggregation of proteins lead to lens opacity [2]. Apoptosis the cornea in an animal model of disease [7]. Additionally,

and oxidative stress tend to occur when human lens epithelial ~ Studies reported that decorin is able to hinder oxidative
(HLE) cells are incubated with high glucose [3]. stress-related injury and apoptosis in the cerebrum of a

1. Introduction
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post-traumatic brain injuries (TBI) rat model [8, 9]. Our
preliminary study showed that decorin inhibits retinal pigment
epithelial (RPE) barrier disruption in the context of diabetes
by hindering activation of p38 mitogen-activated protein
kinase (MAPK) [10]. Nevertheless, how decorin influences
the development of diabetic cataracts remains unclear.

In this study, we evaluated the efficacy and possible
mechanism of decorin on cellular apoptosis and oxidative
stress upon exposure to high levels of glucose and the
therapeutic potential of decorin on HLE cells was evaluated.
Apoptosis, reactive oxygen species (ROS), superoxide
dismutase (SOD), and glutathione peroxidase (GSH) were
examined. In addition, p38 MAPK phosphorylation and
expression of racl in HLEB3 cells and human lens anterior
capsules were examined. Additionally, we explored the
function of racl and p38 MAPK in modulation of oxidative
stress under high levels of glucose.

2. Materials and Methods

2.1. Antibodies and Chemical Reagents

Anti-bcl-2, anti-bax, anti-racl, anti-p38 and anti-phospho-p38

(Thr180/Tyr182) were purchased from Abcam. Anti-B-actin,
Anti-mouse and Anti-rabbit antibodies were bought through
Proteintech. The recombinant human decorin was bought
through R&D System. The cell counting Kit 8 (CCK-8) and
apoptosis detection kits were purchased from Beyotime Inst.
Biotech.

2.2. Human Lens Anterior Capsules

Human lens anterior capsular tissues were acquired through
the eye tissue bank located at the First Affiliated Hospital of
Zhengzhou University. Protocols collecting the human lens
anterior capsules were in accordance with guidelines for
acquisition of human tissues. The protocols were granted
approval by the Ethics Committee at the First Affiliated
Hospital of Zhengzhou University. We acquired written
informed consent from all participants. The participants did
not receive any particular treatments. Overall, 27 patients with
cataracts and type 2 diabetes, comprising of 30 eyes, were
designated as the diabetic cataract group. On the other hand,
25 cataract patients that did not have systemic or ocular
disease (control group), comprising of 30 eyes, were classified
as the senile cataract group (Table 1).

Table 1. Cataract Patients Data.

Diabetic Cataract Patients

Senile Cataract Patients

Mean + SD Range Mean + SD Range
Sample size (M:F) 27 (14:13) 25(13:12)
Eye number (R:L) 30 (16:14) 30 (13:17)
Diabetes, yr 10.67+4.97 0.25-25
Age, yr 65.37+9.37 45-90 64.64 £ 11.08 48-91
Cataract grade 2.80 +0.66 1-4 2.80+0.71 1-4
Hemoglobin Alc, % 8.64 +£0.96 7-10
Blood glucose 7.32+1.26 3.98 —8.98
Receive treatment 100%

Standard deviation (SD); male (M); female (F); year (yr); Blood glucose, fasting blood glucose on the day of operation.

2.3. Human Lens Epithelial Cell Cultures

HLEB3 was maintained at 37°C in 5% CO, and cultured in
complete media (DMEM with 5.5 mM D-glucose (Sigma,
USA), 10% FBS (Genial, USA) and 1% antibiotics (Solarbio,
China)). Cells were passaged when cell density approached
80%.

HLEBS3 cells were placed into six-well plates in complete
media. When cell confluency reached about 50%, 1% FBS
was added for a period of 12 hours. Next, cells were separated
into four cohorts including the control (complete media), high
glucose (60 mM D-glucose), decorin and mannitol group. The
control group was cultured normally. The high glucose group
was exposed to 60 mM glucose for a period of 72 hours. The
decorin group was treated using glucose 72 hours after being
treated with 50 nM recombinant human decorin for two hours
[11]. The mannitol group was treated with 54.5 mM mannitol
in order to eliminate variation by osmosis.

2.4. Cell Viability Assay

CCK-8 assay was utilized to evaluate cell viability. Cells
were cultured overnight in 96-well plates at 1x10* cells/well

density. Next, new media with 0, 50, 100, and 200 nM of
decorin was added, respectively. After a 24 hours incubation,
10ul of WST-8 [2-(2-methnoxy-4-nitrophenyl)-3-(4-nitro-
phenyl)-5-(2,4-disulfophenyl)-2H-tetra-zolium, sodium salt]
(Beyotime, China) was placed in every well. Then, the plates
were kept in a 37°C incubator for another four hours. After that,
plates were read at 450 nm through the use of iMark™
microplate absorbance reader (Bio-Rad, Hercules, USA). The
amount of live cells within every well is represented in relation
to controls.

2.5. Small Interfering RNA (siRNA) Transfection

HLEB3 cells were transfected with a mixture of 100 nM
siRNAs targeting racl or p38 MAPK (San Cruz
Biotechnology, USA) or scramble control in accordance with
the kit’s instructions. Six hours post incubation with siRNAs,
HLEBS3 cells were cultured using high glucose, as previously
described.

2.6. Flow Cytometry

Flow cytometry was utilized to measure cell apoptosis in
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accordance with Annexin-V-FITC apoptosis detection kit (BD
Bioscience, USA) protocol. First, HLEB3 cells were gathered.
Second, the cells were labelled with Annexin-V-FITC at room
temperature for 10 min. Third, stained cells were washed and
centrifuged three times. Fourth, cells were resuspended,
labelled with propidium iodide (PI) and underwent flow
cytometry (BD™°LSR 1) (BD Bioscience, USA). Win MDI
2.9 software were used for analyzing data. Viable cells are
FITC-Annexin V and PI double negative, while cells that
exhibit the FITC-Annexin-V positive and PI negative are
defined to be in early apoptosis. Cells that were stained double
positive by FITC-Annexin-V and PI are apoptotic.

2.7. Intracellular ROS Quantification

Intracellular ROS, which was labelled using 2°,
7’-dichlorofluorescein diacetate (DCFH-DA), was tested by
the densitometry measuring of the DCFH-DA detection kit
(Beyotime, China). DCFH-DA could be oxidized and
transformed into fluorescent dichlorofluorescein (DCF) under
oxidative stress condition. This can be measured with a BD
Accuri C6 Flow Cytometer (Bioscience, USA). Briefly, after
being collected, diluted DCFH-DA was added to HLEB3 cells
for 20 min, followed by washing with serum-free DMEM.
After discarding the liquid supernatant resulting from
centrifugation, cells were resuspended in PBS. Then, cellular
fluorescence was quantified using 488 nm excitation and 525
nm emission wavelengths of the BD Accuri C6 Flow
Cytometer.

2.8. SOD and GSH Detection

Activity of intracellular SOD, the GSH and GSSG were
detected as per instruction manual provided by the total SOD
assay kit and GSH/GSSG assay kit (Beyotime Institute,
China), respectively. The plates treated by the kits were
quantified through the use of iMark™ microplate absorbance
reader at 450 nm and 412 nm, respectively.

2.9. Western Blotting

Western blotting was carried out according to previous
studies [12]. Protein levels were detected through an enhanced
chemiluminescence detection system (ProteinSimple, San
Jose, California, USA). Band intensity was analyzed with
Alpha View SA version 3.4.0 software (ProteinSimple).

In order to examine protein expression of human lens
anterior capsules, we obtained the anterior capsules from
patients that were subjected to cataract surgery. Overall, 10
anterior capsules had to be acquired from within every groups
and then combined together to obtain adequate protein for
immunoblotting analysis.

2.10. Statistical Analysis

Results from a minimum of three experiments were
expressed as mean + standard deviation (SD). We utilized
SPSS 18.0 software to perform all statistical analyses. A
one-way analysis of variance (ANOVA) was utilized to
compare data from more than two groups. Comparison within

two groups were investigated through student-Newman-Keuls
test. P < 0.05 represents statistical significance.

3. Results
3.1. Cell Viability Assay

HLEB3 cell viability was examined with a CCK-8 assay
with different concentrations of decorin (0, 50, 100 and 200
nM). Results showed no significant differences within groups
(Figure 1E). Moreover, obvious morphological changes were
not observed at different concentrations of decorin with phase
contrast microscopy (Figure 1A-D).

Figure 1. HLEB3 cell viability with different concentrations of decorin.

(A-D) Change in cell morphological appearance at various doses of decorin.
No overt morphological changes were found between groups. (E) No
significant cell viability differences were detected among groups when tested
with a CCK-8 assay (*P > 0.05 vs. 0 nM group). Scale bars = 20 um, data is
represented as bars, which indicate mean + SD.

3.2. Decorin Suppresses HLEB3 Cell Apoptosis Stimulated
Through High Glucose

The effect of decorin on HLEB3 cellular apoptosis was
depicted (Figure 2). First, cells were divided to four groups,
including viable cells (unlabeled), early apoptotic cells
(labelled using annexin V-FITC), necrotic cells (labelled using
PI), and late apoptotic cells (labelled using annexin V and PI).
Apoptotic cells were defined as the sum of late and early
apoptotic cells. The proportion of apoptotic cells in the control
group was 5.1% = 0.50%. Treatment with high levels of
glucose heightened the proportion of apoptotic cells to 14.2%
+ 0.46% (P < 0.001). Cells that were administered 50 nM
decorin prior to high glucose treatment experienced a
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reduction in apoptosis to near normal levels (Figure 2A and B).
Moreover, data from Western blot indicated that treatment
with high glucose led to high bax expression and low bcl-2.
Furthermore, according to densitometry analysis, the bcl-2 to

bax ratio was significantly lower within the high glucose
group in comparison to controls. Under high-glucose
conditions, decorin was able to reverse the bcl-2 to bax ratio
(Figure 2C and D).
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Figure 2. Effect of decorin on apoptosis of HLEB3.

(A) Quantitative cellular apoptosis analysis examined through flow cytometry using Annexin-V-FITC apoptosis staining. The upper-right quadrant represents
late apoptotic cells, while the lower-right quadrant represents early apoptotic cells. (B) Total apoptotic cells were determined by addition of late and early
apoptotic cells, and then statistically analyzed. (C) Bcl-2 and bax western blot in HLEB3 cells. (D) Bcl-2 to bax ratio, determined by optical density. Treatment
with decorin decreased high glucose-stimulated apoptosis. Control (Con); Mannitol (Mann); high glucose (HG). Data represents mean + SD. *P < 0.05 represents

significance in comparison to the control group.

3.3. Decorin Suppresses High-glucose Stimulated Oxidative
Stress of HLEB3 Cells

Compared to controls, ROS production after administration
of high-glucose was significantly higher. However, the

proportion of GSH/GSSG and SOD activity were statistically
reduced in HLEB3 cells. Decorin can suppress oxidative
stress in HLEB3 cells exposed to high levels of glucose
(Figure 3).
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Figure 3. Intracellular oxidative stress alteration.

(A-B) Intracellular ROS levels were measured with a BD Accuri C6 Flow Cytometer. (C) The GSH/GSSG ratio is indicated for each group. (D) SOD activity in
indicated groups. Decorin decreased the oxidative stress response stimulated by high levels of glucose. Control (Con); mannitol (Mann); high glucose (HG). Data
are mean = SD. *P < (.05, ¥**P < 0.01, ***P <0.001, versus controls, respectively.

3.4. Decorin Suppresses p38 and Racl Activation in
HLEB3 Cells Stimulated by High Levels of Glucose

The activation of p38 and racl was detected with western
blot. Under high-glucose conditions, densitometry analysis of
p38 MAPK and racl showed significant increase in

comparison to the control group. However, after being treated
with 50 nM decorin, p38 MAPK phosphorylation and racl
protein was decreased significantly in comparison to the
high-glucose group (Figure 4).

Figure 4. Influence of decorin on p38 phosphorylation and racl by high glucose in HLEB3 cells.

(A) Western blot of p38 MAPK phosphorylation. (B) Western blot of racl. B-actin serves as internal control. Decorin decreased p38 MAPK activation and
expression of rac] in cells exposed to high glucose. Control (Con); mannitol (Mann); high glucose (HG). Data is represented as mean =+ SD. ***P < 0.001 in

comparison to the controls.
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3.5. P38 MAPK Regulates Oxidative Stress and Apoptosis
of HLEB3 Cells Stimulated by High Levels of Glucose

To determine if p38 MAPK was associated with
high-glucose-stimulated cellular apoptosis and oxidative
stress, p38 MAPK siRNAs were transfected into HLEB3 cells.
Next, p38 MAPK expression was examined using western
blotting. As expected, p38 siRNAs significantly reduced p38
MAPK expression (Figure 5A). After siRNA transfection,

flow cytometry suggested that the proportion of apoptotic
cells within the p38 MAPK siRNA-transfected cells was
significantly lower versus controls (P < 0.05) (Figure 5C and
D). The high-glucose-stimulated bax and bcl-2 expression
were reversed upon transfection with p38 siRNA (Figure 5B).
Moreover, p38 siRNA substantially decreased ROS
generation, increased GSH/GSSG ratio, and heightened SOD
activity in cells exposed to high levels of glucose (Figure 3).
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Figure 5. p38 MAPK siRNA inhibits HLEB3 cellular apoptosis stimulated by high glucose.

(A) p38 MAPK siRNA transfection led to a substantial decrease in p38 protein expression, while control siRNA did not have an effect. (B) Bcl-2 and bax western
blot, and analysis of bcl-2 to bax optical density ratio. (C) Quantitative analysis of cellular apoptosis through flow cytometry. The upper-right quadrant exhibits
cells undergoing late apoptosis, while the lower-right quadrant exhibits those under early apoptosis. (D) Apoptotic cells were defined as addition of late and early
apoptotic cells. Proportion of apoptotic cells was statistically analyzed. Control (Con); high glucose (HG). Data is quantified as mean + SD. *P < (.05, ***P <

0.001 vs. controls.

3.6. High Glucose-Stimulated Cellular Apoptosis and
Oxidative Stress May Be Mediated by the Racl-p38
MAPK Pathway in HLEB3 Cells

In order to evaluate the presence of a relationship among
p38 MAPK and racl in regulating high glucose-stimulated
oxidative stress, siRNAs targeting racl were transfected into
HELB3 cells. Western blotting helped examine protein

expression. As expected, racl expression was substantially
decreased using racl siRNA (Figure 6A). Interestingly, racl
siRNA transfection decreased p38 phosphorylation in high
glucose-treated cells (Figure 6B). This suggests that racl
regulates p38 MAPK activation and can help regulate high
glucose-stimulated apoptosis and oxidative stress.
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Figure 6. Possible relationship among p38 MAPK and racl in regulating
high-glucose induced oxidative stress.

(A) Racl siRNA transfection led to a significant decrease in racl expression,
while control siRNAs had no effect. (B) Racl siRNA transfection led to an
obvious decrease in expression of phospho-p38 MAPK. Racl mediates p38
MAPK activation. Control (Con); high glucose (HG). Bars are indicative of
mean + SD, with B-actin as internal control. ***P < 0.001 vs. controls.

3.7. Racl and Phospho-p38 Are Highly Expressed in
Diabetic Lens Anterior Capsules

We next evaluated racl and phospho-p38 MAPK
expression in lens anterior capsules. Interestingly, we found
that racl levels were substantially higher in the anterior
capsules obtained through patients with diabetic cataracts
compared to patients with simple senile cataract (Figure 7A).
Similar results were obtained with regards to phospho-p38
expression (Figure 7B). These findings were consistent with
those of the in vitro assay, and they further suggest that the
racl-p38 pathway likely participates in modulation of
oxidative stress in the diabetic lens.

Figure 7. Racl and phospho-p38 expression in human lens anterior capsules.

(A) Racl immunoblotting analysis. (B) p38 MAPK immunoblotting analysis.
Racl and phospho-p38 in the anterior capsules of patients with diabetic
cataracts are significantly increased versus patients with simple senile
cataracts. Senile cataract (SC); diabetic cataract (DC). B-Actin served as
internal control. Data is exhibited as mean = SD. *P < 0.05 vs. SC group.

4. Discussion

Oxidative stress under high-glucose conditions is one of the
main causes of diabetic cataracts [2]. The HLEB3 cell line has
been widely used in research studies [13-15]. Data from our
analysis indicates that high-glucose levels stimulate direct
oxidative stress and cellular apoptosis of HLEB3 cells. P38
and racl, which are vital signaling molecules in many
pathways, participate in these processes. Racl works as an
upstream modulator of p38 MAPK. Oxidative stress and
cellular apoptosis under conditions of high glucose can be
inhibited by decorin. Besides, high glucose-induced racl
levels and p38 MAPK activation can be inhibited by decorin.
These findings suggest that decorin can play a possible
therapeutic function on the development of diabetic cataracts.

Racl, a part of the superoxide-generating nicotinamide
adenine dinucleotide phosphate (NAPDH) oxidase (NOX)
complex, generates ROS within the mitochondria under
conditions of oxidative stress [16]. Additionally, racl, a small
GTPase of the Rho family, has a key function in regulating
several different cellular processes such as proliferation,
apoptosis, migration, and invasion [17]. Furthermore, racl has
an influence on diverse signaling pathways associated with
NF-kB, and JNK, and ROS production [18]. High expression
of rac1B leads to ROS production [19]. Racl is upregulated in
ARPE-19 cells under hypoxia [11]. David et al. indicated that
impeding racl led to abolishment of phosphorylation of p38
MAPK signaling [20]. Rajakrishnan et al. showed that
activation of p38 MAPK was downstream of racl activation in
diabetes-induced metabolic stress, and leads to capillary cell
apoptosis [21]. Our data indicates that this signaling pathway
is associated with injury to the diabetic lens epithelial cells.
There are several lines of evidence to support this. First, high
glucose induces ROS generation, downregulation of the
GSH/GSSG ratio and inhibition of SOD activity, which causes
increased apoptosis of HLEB3 cells. Second, high glucose
induces racl and p38 MAPK activation. Silenced racl
downregulates p38 MAPK activation stimulated by high
glucose levels, and silenced p38 MAPK inhibits high
glucose-stimulated ROS generation and cellular apoptosis.
The idea of ROS as a vital stimulator or cellular apoptosis or
necrosis in several types of tissues is widely accepted [22].
Third, phospho-p38 and racl were found to be highly
expressed in the human lens anterior capsules of patients with
diabetic cataracts in comparison to patients with senile
cataracts. These findings indicate that racl regulates ROS
generation through its downstream regulator, p38 MAPK, in
lens epithelial cells under diabetic stress conditions.

The small leucine-rich proteoglycan, decorin, is a part of
the extracellular matrix [4, 5]. Additionally, decorin helps
regulate angiogenesis, tumor proliferation, apoptosis and
inflammatory processes [6-9]. Here, our results gave us some
inspirations. First, in vitro treatment, decorin inhibits
high-glucose-stimulated oxidative stress in lens epithelial
cells. Second, administering decorin led to a decrease in ROS
production, increased GSH/GSSG ratio, and increased the
ratio of bel-2 and bax in cells exposed to high levels of glucose,
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indicating that decorin can be used as a medical treatment to
prevent the occurrence of cataract in diabetic patients. Third,
in HLEB3 cells, decorin inhibits racl expression and p38
MAPK activation under conditions of high-glucose. In a prior
study conducted by our lab, we explored the effect of decorin
inhibition on the p22P"*-p38 MAPK pathway [23]. Results
from that study showed that decorin protect HLEB cells by
suppressing the p22phox-p38 MAPK pathway. The
stimulation of p38 MAPK was downstream of racl and
p22P"* activation in diabetes-stimulated oxidative stress,
leading to HLEB3 cellular apoptosis. From these studies, we
can conclude that decorin has an effect on hindering diabetic
cataract development by suppressing racl-p38 MAPK
pathway and p22P"*-p38 MAPK pathway.

In summary, our study demonstrated that high glucose
induced oxidative stress and cellular apoptosis of HLEB cells
by elevating the racl-p38 MAPK pathway. Decorin can
significantly decrease oxidative stress injury and the
proportion of apoptotic HLE cells under exposure to high
levels of glucose by suppressing racl-p38 MAPK pathway
activation. Decorin exhibited a protective function against the
high-glucose-stimulated oxidative stress and apoptosis. These
findings indicate that decorin can be potential treatment to
prevent the occurrence of cataract in diabetic patients.

5. Conclusion

In brief, decorin decreased oxidative stress injury and the
proportion of apoptotic HLE cells in high levels of glucose by
suppressing racl-p38 MAPK pathway activation. Decorin
may be a potential drug to prevent cataract development in
diabetic patients.
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